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? th ' '"'^ '^^^ ^ -'V to an expert) . Aocession nu.^er(s): 

The microorganism(s) has (have) been deposited with European Collection of Animai Cell Cultures under number(s). 86112001, 

@ A serunri-free growth medium addlthre and a usj5L thereof. 

@ A serum-free growth medium additive comprisiDQ an iron 
chelate, aurintricarboxylic acid and optionally alkali metal-EDTA 
and trace elements together with possible growth factors, 
wherein the iron-chelate may comprise a mixture of FE-EDTA 
and citric acid. The growth medium may be used for quality 
testing of other growth media. A hybridoma cell line from P3U1 
tumor cells and B-lymphocytes is also disclosed, and this cell 
line may optionally be used together with the growth medium 
additive when testing full growth media. 
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Descripti n 

A SERUM-FREE GROWTH MEDIUM ADDITIVE AND A USE THEREOF 

The present Invention concerns a serum-free medium additive which may be used when culturing cells 
which require iron in the growth medium. The serum-free growth medium additive according to the invention 
5 may additionally be used to test the quality of growth media. 

In industry and research there has for a long time been a great need for serum-free media and growth 
cultures since the supply of serum to such media in addition to the compounds which are necessary for 
growth also adds to the solutions compounds that negatively influence the majority of experiments where 
accuracy of the results are of great importance. This is valid within diciplines such as cellular immunology. 
10 biotechnology, in vitro fertilization, organ transplants, cancer research and storing and transfusion of blood. 
The media of physiological solutions which are used today in research. Industry and clinical work are based 
on recipes up to 100 years old and thus represent a stand-still in this field of biological research. Media used 
hitherto for cell cultures consists most frequently of a so-called commercial basal medium to which there is 
added approximately 1 0O/o heat-deactivated serum. This very old method involves the following disadvantages : 
15 1) The heat treatment needed to prevent the lytic effect of the serum on cells, has a denaturing effect on 

important serum components. 

2) Different serum batches have different properties on account of their origin, which adds undesired 
variations to the behaviour of the ceil culture in vitro. 

3) Serum contains several unknown substances with unknown and uncontrolled effects on ceils. 

20 4) Serum is an unphysiological fluid for the majority of cells since the cells are adapted to the so-called 

tissue-fluid in the body and this fluid has a different content of various compounds compared to serum. 

5) Antibodies in serum may bind cells and interfere with experiments. 

6) Serum prevents the study of the synthesis by cells of serum factors in vitro since the background 
level in serum of such factors is relatively high. 

25 By using the serum-free additive according to the present invention, the above disadvantages are avoided, 
and such a medium will in addition be very well suited for culturing and storing cells and tissued in vitro. In 
addition, a complete medium with this additive will be precisely deflned, be serum free and protein-free (except 
for a possible small quantity of insulin which is required by some cells, and which is used where necessary) and 
contain iron and trace elements in the form of stabilized chelated elements or compounds with transferrin or 

30 lipids being present. It is also very inexpensive to produce the additive according to the invention. 

The main problem of previous serum-free media (see N.N. Iscove and F. Melchers, "Complete Replacement 
of Serum by Albumin, Transfemn. and Soybean Lipid in Cultures of Lipopolysaccharide-reactive 
B-lymphocytes". J.Exp.Med., Vol. 147, pp. 923-933 (1978) ; R.G. Ham. "Importance of the Basal Medium In the 
Design of Hormonally Defined Media', In: Growth of Cells in Hormonally Defined Media, Cold Spring Harbor 

35 Conference on Cell Proliferation, Vol. 9. pp 39-60 (1982); D. Barnes and G. Sato, "Methods for Growth of 
Cultured Cells in Serum-free Medium", Anal. Biochem. 102, pp. 255-270 (1980)) is that they are not suitable for 
application to a randomly chosen cell culture on account of two circumstances: 

1) The presence of physiological amounts of bicarbonate and Ca2+ /Mg^"*" ions will precipitate iron 
and trivalent trace metals from almost any known chelant (i.e. chelating agent) system at 37° C 

40 and pH 7-8 (except transferrin). This conclusion arises from the inventor's personal work (unpublished). 

2) The concentration of trace metals including toxic compounds in a medium is not controlled, and will 
vary significantly depending on the composition and the individual properties of the water and impurities 
therein. The only solution to this problem is to provide a completely stable metal ion buffer comprising a 
balanced solution of all the necessary trace elements and metals, and thus the toxic metals will be 

45 absorbed by the buffer (the toxic effect will become balanced away). 

Since transferrin is expensive and species-specific, the medium according to the invention was produced, 
on the bases of a Fe/trace element buffer of synthetic non-protein chelants and such that the main problem, 
precipitation of metals at 37° C (see above), was solved by adding certain chelants which in combination in 
solution have very different and unique properties compared to each chelant alone. 

50 The second problem, viz. the presentation of iron to the cell membrane and the cell, was solved by the 
addition of aurin tricarboxylic acid to the additive. Even if Ethylenediaminetetraacetic acid (EDTA) /citrate 
renders the metal solution completely stable, various animal or human cells will not grow because of iron 
deflciency. It has been found that the combination EDTA/citrate/aurintricarboxylic acid produces outstanding 
chelating and iron presenting properties which previously have not been described. (In this connection it is of 

55 no consequence that EDTA alone previously has been used as an iron chelant for the growth of plant cells at 
pH 5.0 under conditions where metal precipitation does not represent any problem; see: P. Kruse and M.K. 
Petterson, "Tissue Cultur Methods and Applications", Acad. Press (1973); J>R> Stein. "Handbood of 
Physiological Methods", Cambridge University Press (1973). 
In accordance with this, the serum-free growth medium additive of the invention comprises a) an iron 

60 chelate, 

b) aurintricarboxylic acid. 

c) optionally an alkali metal-EDTA. and 

d) optionally additional trace elements. 
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the medium preferabfy buffering in the pH range of 7.0 to 7.8. 

In connection with cell growth it has t>een found that a ratio EDTA to citric acid (citrate) of 1 :S as an example 
was very advantageous. It should also be mentioned briefly that cell growth In media usually is conducted at pH 
7.4 but that pH in the final medium according to the present invention may aJso dtffera from thi«. depending on 
the growth requirements of the various cells. ^ 

An additive according to the present Invention may. e.g.. be prepared by adding a concentrated solution of 
each of the components to pure water (it is of great Importance to use water of highest possible purity such b« 
for instance "Travenol" sterile water, when preparing the medium according to the Invention). An example of 
such a concentrated mixture is given below, where there is produced a composition which may be used fri a 
1000-foid concentration: lo 



1) 



Weight per 100 ml 
of water 



3 mM Fe-EDTA 120,1 mg 15 

3 mM Aurintricarboxyiic acid^ 126.7 tng 

1 mM Na^-EDTA 37.2 mg 

15 mM Citric acid 315.0 mg 2g 

25 mM Na^-citrate 735.0 mg 

(optionally 1% trace elements ) 

$£ 

^) Ethylenediaminetetraacetic acid FedlD-Na chelate 
dihydrate (Koch-Light No, 2529-00) 

2) Sigma A 1895 90 

3) May be as the trace element composition shown below. 

The pH of the composition is preferably adjusted to 4.5-5,0. 3S 
An optional addition of trace elements may, e.g., be carried out be the aid of a stock solution which may be 
prepared as follows. That solution will have a 100 000 fold concentration of that to be used in the medium. 
When the solution defined below is prepared, 2n. Cu and cheiants (EDTA and citrate) should be addd prior to 
adjusting pH to 5.0 with 5-10N NaOH. after which the other components are added. The final pH should be 
between 4.0 and 4.5. 4q 



Trace metal Salt 



Weight per 



' ' 100 ml water 



10 


mM 


Zn 




ZnSO^ .7H2O 


287.5 


mg 


2 


mM 


Cu 




CuS0^.5H2O 


49.9 


mg 


0. 1 


mM 


Mn 




4 2 


1.7 


mg 


0-02 


mM 


Ni 






0.58 


rhg 


0.2 


mM 


Al 




NH^AKSO*^)^. 12H20 


9.2 


mg 


0, 1 


mM 


Cr 




KCr(S0^)2. ^2H20 


5.0 


mg 


0.02 


mM 


Co 




C0CI2.6H2O 


0.48 


mg 


1 


mM 


Se 




Se02 


11.1 


mg 


14 


mM 


Na^ 


-EDTA 




521 . 1 


mg 


1 


mM 


Na^ 


-citrate 




29.4 


mg 



45 



30 



85 



60 



It is of course to be understood that such a composition of trac element may contain laments oth rthan ^ 
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those given in the table above, depending on the requirements of the tissue of cell types to be us d. 

The additive according t the invention may, besides the components mentioned her inbefore contain 
growth stimulating and necessary compounds for c II growth. Such compounds may comprise for instance 
the surfactant "Pluronic* F 68 (20 mg/1). D-glucose (2.6 g/1). L-glutamine (2 mM), Na-pyruvate (1 nM). insulin 
5 (0.5 mg/1) or ethanolamine (20 jiM). All the concentrations shown in brackets refer to final concentrations. A 
composition for the addition of the compounds mentioned (except of ethanolamine which is a liquid at room 
temperature) may be produced as a dry product and as such this nnay be stored during long periods of time, up 
to several years. Ethanolamine may, If necessary, be added to the medium to a desired concentration when 
using the composition, Ethanolamine is most frequently used in experiments with hybridoma cells when 
10 producing monoclonal antibodies. 

A preferred basal medium to which the growth medium additive according to the present Invention may be 
added, Is RPMI 1640 containing 2.5g/l NaHCOa and 20mM HEPES (N-2-hydrpxyethyIpipera2ine-N.N'- 
2-ethanesulphonic acid). 

Preferred cel| cultures for which the serum-free additive according to the invention have proven to be 

15 especially useful, is the L 929 mouse fibroblast cell line, the HeLa hyman tumor ceil line, various mouse and 
human B hybridoma cells which all produce monoclonal anti-bodies in quantities corresponding to growth in 
serum-containing cultures, and human monocytes which differentiate to developed macrophages during 7 
days while keeping their complement receptors. 
A particulariy preferred use of the present additive is carried out with fast-growing types of cells for testing 

20 the quality of various types of media. By mixing the serum-free medium additive according to the invention with 
RMPI 1640 and adding the medium to be tested In the ratio serum-free medium additive + RPMI 
1640:unknown medium = 1:1, and then adding the fast-growing cells in a number of about 30 OOO cells/ml, 
there will, when no toxic compounds are present in the medium to be tested, be observed an increase in the 
number of cells after 4 days of approximately 10 times more cells than the original number. If, however, toxic 

25 compounds are present in the unknown medium, cell growth will not be observed. This thus is a very simple 
quality test which is extremely sensitive because it is performed without serum, and false results are avoided 
because the fact that serum binds and masks toxic impurities is avoided. 

The growth medium additive according to the invention together with fast-growing cells as mentioned may 
be incorporated into a test-kit comprising, e.g., the additive (serum substitute) according to the invention, 

30 frozen cells (for instance on frozen carbondioxide) and optionally a medium (e.g. RPMI 1640) and culture 
equipment of plastics or other suitable material. 

Preferred fast-growing cells for use in testing fullg growth media are cells of a fast-growing cell line of which 
a cell culture has been deposited at the European Collection of Animal Cell Cultures, Porton Down, Salisbury, 
Wiltshire SP4 OJG on November 20, 1986, under the accession number 86112001. This cell type is a special 

35 kind of fast-growing cell type of hybridoma cells prepared by the fusion of paUi tumor cells with 
B-lymphocytes. This cell line has proven to be especially useful at quality testing of full growth media and as 
such is a particular aspect of the present invention. 
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Claims 

1. A serum-free growth medium additive, characterised in that it comprises an iron chelate and aurin 
tricarboxylic acid. 

45 2. A serum-free growth medium additive as claimed in claim 1, wherein said iron chelate comprises a 

composition of Fe-EDTA and citric acid. 

3. A serum-free growth medium additive as claimed in claim 2. wherein said iron chelate comprises a 
composition of Fe-EDTA and citric acid in a ratio of 1 :3. 

4. A serum-free growth medium additive, as claimed in any one of claims 1 to 3, wherein said additive 
50 additionally comprises an alkali metal-EDTA complex. 

5. A serum-free growth medium additive, as claimed in any one of claims 1 to 4. wherein said additive 
additionally comprises trace elements. 

5. A serum-free growth medium additive, as claimed In claim 5 wherein said trace elements comprise 
the metals 2n, Cu, Mn, Al. Cr, Co and Se. 
55 7. A serum-free growth medium additive, as claimed in any one of claims 1 to 6 wherein the medium is 

buffered in the pH range of 7.0 to 7.8. 

8. A serum-free growth medium additive as claimed in any one of claims 1 to 7, wherein the individual 
components are present in amounts physiologically acceptable for cell growth. 

9. A serum-free growth medium additive as claimed in any one of claims 1 to 8, wherein said additive 
60 additionally comprises serum free growth factors. 

10. A serum-free growth medium additive as claimed in claim 9, wherein said serum-free growth factors 
are selected from "Piuronic F68. D-glucose, L-glutamine, Na-pyruvate, insulin and ethanolamine. 

11. A semm-free growth medium additive as claimed in any one of claims 1 to 10, wherein said additive 
comprises a basal medium for cell cultures. 

65 12. A serum-free growth medium additive as claim d in claim 11, wherein said basal medium is RPMI 
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I64O/HEPES/N4HCO3 in a concentratipn pl 2.5g/l NaHCOs and 20mM HE r 

13. A serum-freq growth medium additivp as claimed in any one of claim: 
has the form of Q concentrate. 

14. A serum-freQ growth medium additjvQ claimed In claim 13. wherein . 
the Ph range of 4.5 tP 5.0. 

15. A serum-free growth medium additive as claimed in any one of claims 
has the form of a dry-matter composition. 

16. A serum-free growth medium additive gis claimed in claim 13 wherein s= 
2.4-3.6 mMFQ-EDTA, . - - . - 
2.4-3.6 mM aurintrlQarboxylic acid, 

0.8-1.2mMNa2-EDTA, 

12-18 mM citric acid, ^ 

20-30 mMNaa-crtrate 

17. A serum-free growth medium additive as claimed in cl^im 14, whe- 
comprises the ion concentrations 

0.08-0.12 mMZn«+ . 
0.016-0.024 mM Cu2+ , 
0.0008-0.0012 mMMa2+ . 
0.0001 6-Q.00Q24mM'Ni*+ . 
0.0016-0.0024 mMA|3+ ^ 
0.0008-0.0012 mMCr3+ , 
0.00016-0.00024 mM Co2+ . and 
0.008-0.012 mM Sett- . 

18. A cell-line, characterised in that it comprises a hyt^ri^oma tiqn 
B-lymphocytes (deposit number ECACC 86112001). 

19. Use of the serum-free growth medium additive claimed in any one or 
quality of full growth media. 

20. Use of the serum-free growth additive as claimed in claira % in cornbina: 
claimed in claim 18. 

21. A test kit for use In evaluating the quality of fuH growth media, wherei 
serum-free growth medium additive as claimed in any one of claims 1 to 15. a- 
claimed in claim 10. 
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0 A serum-free growth medium additive compris- 
ing an iron chelate, aurintricarboxylic acid and op- 
tionally alkali metal-EDTA and trace elements to- 
gether with possible growth factors, wherein the iron- 
chelate may comprise a mixture of FE-EDTA and 
citric acid. The growth medium may be used for 
quality testing of other growth media. A hybridoma 
ceil line from P3U1 tumor cells and B-lymphocytes is 
also disclosed, and this cell line may optionally be 
used together with the growth medium additive when 
testing full growth media. 
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